By cloning the Il-galactosidase gene of Bacillus stearothermophilus IAM11001 (ATCC 8005) into Bacillus subtilis, enzyme production was enhanced 50 times. 1-Galactosidase could be purified to 80% homogeneity by incubating the cell extract of B. subtilis at 70°C for 15 min, followed by centrifugation to remove the denatured proteins. Because of its heat stability and ease of production, 13-galactosidase is suitable for application in industrial processes.
13-Galactosidases, which hydrolyze 1-1,4-D-galactosidic linkages, are industrially important for their applications in producing lactose-free milk, and glucose and galactose from whey. To prevent microbial contamination, operations with a thermostable enzyme at an elevated temperature are preferable. We previously found that a thermophilic bacterium Bacillus stearothermophilus IAM11001 (ATCC 8005) produced three ,B-galactosidases, which differed in their mobility on polyacrylamide (nondenatured) gel electrophoresis and were designated ,B-galactosidase I, II, and III (13-Gal I, II, and III) in order of decreasing electrophoretic mobility (6) . The most thermostable ,B-galactosidase, 1-Gal I, (subunit molecular weight, 70,000) is a product of the bgaB gene, whereas 1-Gal II and III, which are homo-dimer and -tetramer enzymes, respectively, share a common subunit protein in the gene product of bgaA (6) .
As reported previously, the 1-galactosidase activities of ,B-Gal II and III were lost when the enzyme mixture was treated with heat at 70°C for 30 min, but more than 80% of the 1-Gal I activity was retained after similar treatment (6) . Figure 1 shows heat inactivation curves of the 1-galactosidases produced by B. stearothermophilus and by Escherichia coli 294-43 (a ,B-galactosidase-deficient mutant of strain 294 [supE44 endAl thi-J hsdR4]) harboring pHG1 (a hybrid plasmid consisting of pACYC177 [1] and a 9.1-kilobase-pair XhoI fragment of chromosomal DNA of B. stearothermophilus, 13-Gal I producing) (6) . In contrast to the single 1-galactosidase component of E. coli(pHG1) (the bgaB gene product) evidenced by the linear inactivation curve, the presence in B. stearothermophilus of at least two 13-galactosidases with different heat stabilities is suggested.
The most heat-stable 1-galactosidase of B. stearothermophilus, (3-Gal I, which had the same thermostability as that of E. coli(pHG1), was estimated to account for 10% of the total activity measured at 55°C from the extrapolation of the inactivation curve at 0 time. From this estimation, the specific ,B-galactosidase activity of the cell extract of B. stearothermophilus grown in the presence of lactose (1.6 U/mg of protein; assay temperature, 55°C), and the specific activity of purified 1-Gal I (described below, 110 U/mg of protein), the 1-Gal I protein content was calculated to be 0.15% of the total soluble protein of this bacterium. thermostability. In contrast, the bgaB gene cloned in Bacillus subtilis(pHG5) (a hybrid plasmid consisting of pUB110 [5] and a 3.0-kilobase-pair PstI fragment of pHG1 encoding the bgaB gene) (6) produced about 50 times more 1-Gal I (ca. 6% of the total cellular protein) than did the gene in the B. stearothermophilus strain. Although 1-Gal I production in B. stearothermophilus was induced by lactose (induction ratio, 8), the enzyme was constitutively produced in B. subtilis(pHG5) ( Table 1 ). The addition of lactose or xylose to the medium had no effect on the enzyme production. The production was slightly inhibited by the addition of glucose to the medium. The maximum enzyme production was obtained from the cells grown on LL medium (BactoTryptone [Difco Laboratories], 10 g; yeast extract, 5 g; NaCl, 5 g; lactose, 2 g in 1 liter [pH 7.0]) (cultivation time, 28 h) (Fig. 2) .
Because of the remarkable difference in the thermostabil- stearothermophilus) or on LL medium containing 50 ,ug of ampicillin per ml at 37'C (for E. coli), and cells were harvested, washed, and sonicated (20 kHz, 4.5 min) as described previously (6) . Cell extracts of E. coli(pHG1) (2.1 U/ml, 26 mg of protein per ml) and of B. stearothermophilus IAM11001 (34 U/ml, 25 ity expected between p-Gal I and the cellular protein of B.
subtilis, heat treatment of B. subtilis(pHG5) should enable us to remove most of the cellular proteins as heat-denatured insoluble materials. A heat-treated cell extract of B. subtilis(pHG5) gives a dense band with a relative mobility of 0.3 on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (7) (Fig. 3, lane 4) . Densitometric analysis of the gel indicated that the band contains 80% of the total protein.
From the following observations we concluded that the protein is the bgaB gene product. 
